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Description

FIELD

[0001] The present disclosure relates generally to a
system for localizing a tracked instrument, and particu-
larly to a localization system using two or more modalities
for localizing the instrument within a volume.

BACKGROUND

[0002] This section provides background information
related to the present disclosure which is not necessarily
prior art.
[0003] A navigation system can be used to track and
navigate an instrument within a volume. For example, a
navigation system can be used to track an instrument
during a procedure, such as a surgical procedure. Vari-
ous systems can be used to track instruments including
electromagnetic systems, optical systems, acoustic sys-
tems, and other appropriate systems.
[0004] Tracking an instrument can allow for determi-
nation of a position of the instrument relative to the patient
without directly viewing the instrument within the patient.
Various methods can be used to achieve this result, such
as directly tracking a particular portion of the instrument
exterior to the patient or tracking a distal point of the in-
strument within the patient.
[0005] Differing navigation systems can be used to
track different instruments within a patient. For example,
a long substantially rigid instrument can be tracked with
an optical navigation system that can track a proximal
and/or end of the instrument that is external to the patient.
Based on determinations, a position of a distal tip or an
end of the instrument within the patient can be made.
Additionally, navigation systems can use fields, such as
electromagnetic fields, to track and navigate a distal por-
tion of an instrument that is within a patient.
[0006] US 6 574 498 discloses a system for tracking a
catheter within a patient using a combination of an elec-
tromagnetic sensor and an electropotential sensor.

SUMMARY

[0007] This section provides a general summary of the
disclosure, and is not a comprehensive disclosure of its
full scope or all of its features.
[0008] A navigation system or combination of naviga-
tion systems can be used to provide two or more types
of navigation or modalities of navigation to navigate a
single instrument. The single instrument can be posi-
tioned within the patient and tracked. For example, both
an Electromagnetic (EM) and Electropotential (EP) track-
ing systems can be used to navigate an instrument within
a patient.
[0009] A navigation system can generally include a lo-
calizer and a tracking sensor. One skilled in the art will
understand that the localizer can either transmit or re-

ceive a signal and the tracking sensor can also transmit
or receive a signal to allow for a determination of a loca-
tion of the tracking sensor associated with the surgical
instrument. A surgical instrument can have associated
therewith two or more tracking sensors that can be used
in two or more modalities of navigation. For example, a
surgical instrument may include an electrode that can be
used with an EP tracking system and can also be asso-
ciated or moved relative to a tracking sensor that includes
an EM coil to be used with an EM tracking system.
[0010] An instrument can include one or more tracking
sensors to be used with two or more navigation systems
during a single procedure. In addition, a method can be
used to register the two navigation systems during a sin-
gle procedure. The registration of the two navigation sys-
tems can allow all or a selected number of points within
one navigational domain to be coordinated or correlated
to all or selected points in a second navigational domain.
For example, a surgical instrument can include a single
tracking sensor that can be tracked within two navigation
modalities. Also, a surgical instrument with a single track-
ing sensor can be moved relative to a second tracking
sensor, where each of the tracking sensors are tracked
in different navigation modalities. According to various
embodiments, when a first tracking sensor is positioned
at a known location relative to a second tracking sensor,
a navigation volume or domain of the first navigation sys-
tem can be registered to a navigation volume or domain
of a second navigation system. In this way, a first and
second navigation system can be registered for navigat-
ing a tracking sensor or a surgical instrument within the
two navigation modalities.
[0011] Further areas of applicability will become ap-
parent from the description provided herein. The descrip-
tion and specific examples in this summary are intended
for purposes of illustration only and are not intended to
limit the scope of the present disclosure.

DRAWINGS

[0012] The drawings described herein are for illustra-
tive purposes only of selected embodiments and not all
possible implementations, and are not intended to limit
the scope of the present disclosure.
[0013] Fig. 1 is an environmental view of a navigation
system;
[0014] Fig. 2A is a detailed cross-section view of an
instrument, according to various embodiments;
[0015] Fig. 2B is a detailed cross-section and environ-
mental view of an instrument, according to various em-
bodiments;
[0016] Fig. 3 is a detailed cross-section view of an in-
strument, according to various embodiments;
[0017] Fig. 4 is an environmental view of a navigation
system, according to various embodiments;
[0018] Fig. 5 is a flow chart of a method of registering
two navigation systems;
[0019] Fig. 6 is a view of image data and icons dis-
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played relative to the image data, according to various
embodiments;
[0020] Fig. 7A-7C are detailed flowcharts of registra-
tion of two tracking systems; and
[0021] Fig. 8 is a detailed view of navigating a regis-
tered instrument.
[0022] Corresponding reference numerals indicate
corresponding parts throughout the several views of the
drawings.

DETAILED DESCRIPTION

[0023] Example embodiments will now be described
more fully with reference to the accompanying drawings.
[0024] A surgical navigation system 20 is illustrated in
Fig. 1. A first tracking system can include an electropo-
tential (EP) tracking system 22. A second tracking system
can include an electromagnetic (EM) tracking system 24.
Appropriate tracking systems can include those dis-
closed in U.S. Patent App. No. 12/117,537, filed on May
8, 2008 and U.S. Patent Publication No. 2004/0097805,
published on May 20, 2004, both incorporated herein by
reference. The first and second tracking systems 22, 24
can be used to track a surgical instrument 26. The sur-
gical instrument 26 can be any appropriate instrument,
including a lead used as a part of an implantable medical
device (IMD) for heart rhythm treatment, neurological
treatment, or other appropriate purposes.
[0025] The surgical navigation system 20 can also in-
clude other components, such as an imaging system 30.
The imaging system 30 can be any appropriate imaging
system and is exemplary illustrated as a fluoroscopic C-
arm system 32. Other imaging systems can include com-
puted tomography (CT) imaging systems, magnetic res-
onance imaging (MRI) systems, and positron emission
tomography (PET) imaging systems. The imaging sys-
tems 30 can be used by a surgeon 34 to image a patient
36 prior to (preoperatively), during (intraoperatively), or
after (postoperatively) a procedure. Imaging the patient
36 can create image data that can be viewed on a display
device 38 or a display device 40. The display device 38,
40 can be provided alone, such as on a stand 42 or with
a processing system as a part of a workstation or
processing system 44. The image data can be trans-
ferred from the imaging system 30 through a data trans-
mission system 46, such as a wired or wireless transmis-
sion system, to the display devices 38, 40.
[0026] The navigation system 20, also including the
tracking systems 22, 24 can be incorporated or connect-
ed to the processor system 44. The processor system
44 can include human input devices such as a keyboard
48, a joystick or mouse 50, a foot pedal 52 or any other
appropriate human input device. Each of the human input
devices 48-52 can be connected with the processor sys-
tem 44 or other systems, such as the imaging system
30, for control or actuation thereof.
[0027] The EP tracking system 22 can include compo-
nents to generate a current in the patient 36. The EP

tracking system can include or be based on the Locali-
sa™ intracardiac tracking system sold by Medtronic, Inc.
have a place of business in Minneapolis, Minn. The EP
tracking system 22 can also include portions disclosed
in U.S. Patent Numbers 5,697,377 or 5,983,126 to
Wittkampf
[0028] Briefly, the EP tracking system 22 can include
a pair of axis electrodes, which can also be referred to
as a localizer, operable to generate a current within a
volume, such as the patient 36. The axis electrodes can
include three pairs of axis electrodes to generate three
substantially orthogonal axes of current within the patient
26 (also see Fig. 4). The axis electrodes can include a
first pair 60a, 60b, a second pair 62a, 62b, and a third
pair 64a, 64b. The axis can be defined by an alternating
current that is generated between any pair of the axis
electrodes. For example, the first pair of axis electrodes
60a and 60b can be positioned on a left and right side of
the patient 36 to define an X-axis when a current is gen-
erated between the two axis electrodes 60a and 60b.
[0029] The substantially orthogonal axis of current can
be used to determine or calculate a location of a tracking
device 70. The tracking device 70 can include a first or
EP tracking device 70a and a second or EM tracking
device 70b. The EP tracking system 22 can be used to
track the EP tracking device 70a. The first tracking device
70a can sense a voltage in the patient 36 based upon
the induced current between any pair of the axis elec-
trodes 60a-64b. The voltage can be related to a position
of the first tracking device 70a in the patient 36.
[0030] The pairs of axis electrodes 60a-64b can be
driven with a generator in a controller 72 that is connected
via wires or wirelessly with the axis electrodes 60a-64b.
The generator can provide the power to generate the
alternating current in the patient 36 between the respec-
tive the axis electrodes 60a-64b. The controller 72 can
also include a connection for the instrument 26 to com-
municate a signal from the tracking device 70 to the con-
troller. The connection with the instrument 26 can be
wired or wireless, according to various embodiments. In
addition, the controller 72 can include a processor portion
or  simply be a transmitter to transmit signals from the
tracking device 70. Signals can be transmitted from the
controller 72 to the processor system 44 with a transmis-
sion system 74. The transmission system 74 can be a
wired or wireless transmission system.
[0031] The EM tracking system 24 can also be asso-
ciated with the controller 72 or can be provided with a
separate controller system. It will be understood that var-
ious separate circuitry portions may be provided in the
controller 72 to generate or operate the EP tracking sys-
tem 22 or the EM tracking system 24.
[0032] The EM tracking system 24 includes an EM lo-
calizer 76 that can be positioned relative to the patient
36. The EM tracking system can include the AxiEM™
electromagnetic tracking system sold by Medtronic Nav-
igation, Inc. having a place of business in Colorado, USA.
The localizer 76 can generate an electromagnetic field
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that is sensed by the EM tracking device 70b. Alterna-
tively, the EM tracking device 70b can generate a field
that is sensed by the localizer 76.
[0033] A localizer can be used as a part of a tracking
system to determine the location of the tracking device
70. For example, the localizer 76 can be interconnected
with the controller 72 to transmit a signal to the processor
system 44 regarding the position of the EM tracking de-
vice 70b. The axis electrodes 60a-64b can be a localizer
that induces axes of current in the patient 36 to localize
the EP tracking device 70a. Accordingly, the localizer
can refer to a portion of the tracking system which can
be exterior to the volume, such as the patient 36, that is
used to determine a position of the tracking device 70.
[0034] According to various embodiments, the localiz-
er devices, including the EM localizer 76 and the axis
electrodes 60a-64b, can be used to define a navigation
domain in a patient space of the patient 36. Patient space
can be the physical space that is being operated on dur-
ing the operative procedure. The patient space can also
include the navigated space through which the surgical
instrument 26 is being navigated. Image space can be
defined by image data 80 that is displayed on the display
devices 38, 40. Image data 80 can include any appropri-
ate image data, such as image data of a heart  84 (Fig.
4) of the patient 36. the image data 80 displayed on the
display devices 38, 40 can also include atlas data. Atlas
data can include statistical or historical data. The atlas
data can be registered or morphed to the patient image
data or patient space. It will be understood that atlas data
may be used in an imageless navigation system. For ex-
ample, an imageless navigation system may not require
the acquisition of image data of the patient 36.
[0035] The patient space can be registered to the im-
age space of the image data 80 according to any appro-
priate technique, including those discussed herein. Gen-
erally, however, the patient space is registered to the
image data 80 to allow for displaying or a super imposing
an icon or representation of a tracked device, for example
the surgical instrument 26, over the image data 80 on
the display device 38, 40. Registration generally allows
for a transformation of the image data to the patient
space. Various registration techniques can include con-
tour matching, fiducial or point matching, automatic reg-
istration, or any other appropriate registration. For exam-
ple, various landmarks or fiducials can be identified in
the image data 80 and the same fiducials or landmarks
can be identified in the patient 36, such as within the
heart 84. The image data 80 can then be transformed to
the patient space of the patient 36 so that a proper loca-
tion of a superimposed icon 26i can be shown relative to
the image data 80 of the heart 84. Registration tech-
niques can include those discussed in the U.S. Patent
Applications incorporated above. In addition, as dis-
cussed herein, the EP tracking system 22 can be regis-
tered to the EM tracking system 24. The registration of
the EP tracking system 22 to the EM tracking system 24
can allow navigation of the EP tacking device 70a with

the image data 80.
[0036] Turning to Figs. 2A and 2B, the tracking device
70 can include the two tracking devices 70a and 70b.
The first tracking device 70a can be a single electrode
or a tip electrode 90 or ring electrode (not illustrated) of
a lead assembly 92. The lead assembly 92 can be a lead
for any appropriate device, such as a pacing or defibril-
lator system. The lead assembly 92 can be positioned or
delivered within a sheath 94 according to generally
known lead  assemblies, such as the such as the Attain
family of catheters sold by Medtronic Inc., having a place
of business in Minneapolis, MN.
[0037] The lead assembly 92 can be positioned within
the patient 36, such as relative to the heart 84, with a
catheter assembly 100. The catheter assembly 100 can
be any appropriate configuration. The catheter 100 can
include a body molded to substantially define a cannula.
The catheter assembly 100 can include the second track-
ing device 70b. The second tracking device 70b can in-
clude a first coil 102 and a second coil 104, or any ap-
propriate number of coils, as part of the EM tracking de-
vice 70b. The coils can be coiled with any appropriate
configuration, such as around substantially orthogonal
axes to one another. The second tracking device 70b,
however, can sense an electromagnetic field generated
with the localizer 76 or generate an electromagnetic field
that is sensed by the localizer 76.
[0038] The two tracking devices 70a, 70b can be used
with respective tracking systems 22, 24. The first tracking
device 70a can sense a voltage or determine bioimped-
ance (such as an impedance of a tissue of the patient
36) because of the induced current from the axis elec-
trodes 60a-64b. The inducement of the current generates
a voltage that can be sensed with the EP tracking device
70a. The voltage sensed by the EP tracking device 70a
can be transmitted to the controller 72 with an appropriate
communication line, such as a conductor 106. The con-
ductor 106 can be conductively coupled to the EP track-
ing device 70a. It will be understood that although the EP
tracking device 70a is illustrated as the tip electrode 90
of the lead assembly 92, that the EP tracking device 70a
can also include an alternative EP tracking device 70a’
formed as a part of the sheath 94. Regardless of the
position of the EP tracking device 70a, its contact (e.g.
by removal of a portion of insulation around the electrode)
with a conductive medium or electrolyte of the patient 36
can increase and provide efficiency of detecting an ap-
propriate voltage. The voltage sensed by the EP tracking
device 70a can be used to determine the position of the
EP tracking device 70a as discussed further herein and
also described in the above incorporated U.S. Patent Ap-
plications and Patents.
[0039] The second tracking device 70b, according to
various embodiments, can sense an electromagnetic
field generated by the localizer 76. For example, a current
can be induced in one or more of the coils 102, 104 that
is dependent upon the position of the coils 102, 104 in a
portion of the electromagnetic field. The generated cur-
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rent can be sent as a signal along a transmission line
108 to the controller 72.
[0040] As discussed further herein, and illustrated in
Fig. 2B, the lead assembly 92 can be moved relative to
tissue of the heart 84 to position the distal tip electrode
90 into the heart 84. When positioning the distal tip elec-
trode 90 into the heart 84, the sheath 94 and the tip 90,
which can include the first tracking device 70a, can move
relative to the catheter assembly 100. Moving the first
tracking device 70a relative to the catheter assembly 100
moves the first tracking device 70a relative to the second
tracking device 70b. As discussed herein, this can be
used to determine the location of the first tracking device
70a relative to the second tracking device 70b for regis-
tration of the EP tracking system 22 and the EM tracking
system 24. This determination can be used to track the
first tracking device 70a relative to the patient 36 and with
the registered image data 80.
[0041] In addition, the tracking devices 70a and 70b
could be the same coil of wire or conductive material
provided with different insulation characteristics. For ex-
ample, the loops or turns of the tracking device 70a can
be electrically separated from the loops or turns of wire
for the second tracking device 70b. Both sets of loops
can be of the same length of wire over top one another.
The conductive media or loops of the first tracking device
70a can be external and exposed to the patient to sense
or measure the voltage in the patient. The second portion
of the loops can be isolated from the patient and insulat-
ed, but they can, along with the first portion, sense the
field of the EM tracking system 24.
[0042] Turning to Fig. 3, an instrument 120, according
to various embodiments, is illustrated. The instrument
120 can include a lead assembly 121 substantially similar
to the lead assembly 92 discussed above, including a tip
electrode 90 and a sheath 94. The instrument 120 can
also include a  catheter assembly 122. The lead assembly
121, including the distal tip 90 and the sheath 94 can be
moved relative to the catheter assembly 122.
[0043] The catheter assembly 122 can include the
tracking device 70’ as a single unit or device including
an EP tracking device 70a’ and one or more windings of
an EM tracking device 70b’. The EM tracking device 70b’
can be positioned substantially over or around the EP
tracking device 70a’. The EP tracking device 70a’ can
include an annular ring that is molded into or formed with
the catheter assembly 122. The EP tracking device 70a’
can be used with the EP tracking system 22 similar to
the distal tip electrode 90 of the lead assembly 92. The
EM tracking device 70b’ can be used with the EM tracking
system 24 similar to the windings 102, 104 of the EM
tracking device 70b. Nevertheless, the EP tracking de-
vice 70a’ and the EM tracking device 70b’ can be posi-
tioned substantially atop one another. This allows for the
tracked position of the EP tracking device 70a’ and the
tracked position of the EM tracking device 70b’ to be sub-
stantially coincident throughout a tracked procedure. A
signal from either of the EP tracking device 70a’ or the

EM tracking device 70b’ can be transmitted along or with
a communication system 124, which can include a wired
or wireless transmission system.
[0044] Again, it will be understood, that the tracking
device 70’ can be tracked with the two tracking systems
22, 24. As discussed above, the electrode of the EP track-
ing device 70a’ can sense a voltage within the patient
36. The EM tracking device 70b’ can sense a magnetic
field or electromagnetic field or transmit a magnetic field
or electromagnetic field. Accordingly, the single tracking
device 70’ can be used with two or more tracking systems
22, 24 to determine a location of the tracking device 70’
and the catheter and lead assembly 120. It will be further
understood that the tip electrode 90 of the lead assembly
121 can also be used as the EP tracking device with the
EP tracking system 22.
[0045] With reference to Fig. 4, a tracking device
70" can include an EP tracking device 70a" and an EM
tracking device 70b". The EP tracking device 70a" can
be positioned on a first instrument portion 26a and the
EM tracking device 70b" can be positioned on a second
instrument portion 26b. The  two instrument portions 26a,
26b can be positioned within the patient 36. Alternately,
one of the two instrument portions 26 can be positioned
relative to the patient 36 in any appropriate manner. For
example, the second instrument portion 26b including
the EM tracking device 70b" can be positioned on an
exterior surface of the patient 36 or be implanted as a
fiducial or dynamic reference frame in the patient 36, such
as fixed relative to the heart 84.
[0046] The two tracking devices 70a" and 70b" can be
moved relative to one another during an operative pro-
cedure. For example, if both of the tracking devices
70a" and 70b" are positioned on two separate and move-
able instruments 26a, 26b they can be moved to a known
position relative to one another within the patient 36 dur-
ing an operative procedure. Alternatively, if the second
instrument 26b is positioned at a fixed location relative
to the patient 36, the first instrument portion 26a can be
moved to a known position relative to the second instru-
ment portion 26b during an operative procedure. For ex-
ample, fluoroscopic or ultrasound imaging, such as with
the imaging system 30, can be used to confirm or deter-
mine the known position of the first surgical instrument
26a and the second instrument 26b. Accordingly, during
a second procedure, a position of the EP tracking device
70a" and the EM tracking device 70b" can be determined.
[0047] A location of the EP tracking device 70a" can
be determined with the EP tracking system 22. The EM
tracking system 24 can be used to determine the location
of the EM tracking device 70b". As discussed further
herein, the determined location of the two tracking de-
vices 70a", 70b" can be used to register the EP tracking
system 22 and the EM tracking system 24. The tracked
position of the two instruments 26a, 26b can be used for
illustration of an icon representing one or both of the in-
struments 26a, 26b on the display devices 38, 40 relative
to the image data 80.
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[0048] Turning reference to Fig. 5, a flow chart or nav-
igation method for registering or coordinating a dual
tracking system 130 is illustrated. The navigation method
130 is illustrated briefly in Fig. 5 and further detailed in
Figs. 7A-7C and 8. The method of using a two tracking
system navigation system will be discussed in an exem-
plary embodiment herein. It will be understood, however,
that a navigation system including two or more tracking
systems can be used according to various embodiments,
including those discussed above. The assembly 92, how-
ever, is discussed as an exemplary embodiment.
[0049] The navigation method 130, as discussed in de-
tail herein, allows for registration of the EP tracking sys-
tem 22 to the EM tracking system 24 and further to the
image data 80. The EM tracking system 24 can be reg-
istered to the image data 80, as discussed herein, includ-
ing registering the navigation domain of the EM tracking
system 24 with the image space. The EP tracking system
22, including the navigation domain of the EP tracking
system 22, can be registered to the EM tracking system
24, including the EM navigation domain, according to var-
ious embodiments, such as using the devices discussed
above. The registration of the EP tracking system 22 to
the EM tracking system 24 can allow the EP tracking
system 22 to be registered to the image data 80.
[0050] The navigation method 130 can include starting
in start block 132. The image data 80 can then be ac-
quired in block 134. In addition, with reference to Fig. 6,
the image data 80 can be displayed on the display device
40. As discussed above, an icon 92i can be superim-
posed on the image data 80 to represent a location of an
appropriate instrument, such as the surgical instrument
26. The image data 80 can include three dimensional or
two dimensional image data that is acquired for repre-
sentation or illustration of a portion of the patient 36. It
will be further understood that the image data 80 acquired
in block 134 can be image data that is acquired preop-
eratively, intraoperatively, or at any appropriate time. It
may also include a combination of preoperative and in-
traoperative image data. For example, preoperative im-
age data can be merged or registered with intraoperative
image data according to any appropriate technique. For
example, 2D to 3D image registration can occur as de-
scribed in U.S. Patent Application 10/644,680 filed Au-
gust 20, 2003, incorporated herein by reference.
[0051] The acquired image data can be stored or trans-
ferred to the processor system 44 which is a part of the
navigation system 20 for use in illustrating a tracked lo-
cation of the surgical instrument 26 relative to the patient
36. To assist in illustrating the correct location of the sur-
gical instrument 26  relative to the patient 36, the patient
space generally defined by the tracking system 22, 24,
can be registered to the image data 80 or image space
in block 136. The registration of the image data 80 to the
patient space can be with any appropriate method, as
discussed above.
[0052] The registration of the image data 80 to the pa-
tient space can be performed with the EM tracking system

24. The EM tracking system 24, including the localizer
76, can generate a field and navigation space which can
be substantially known and definable Euclidean coordi-
nates. The known navigation space can be efficiently and
directly registered to Euclidean coordinates of the image
data 80. The known field of the EM localizer 76 allows a
detected change in the field generated with the EM lo-
calizer 76 to be directly related to a distinct position or
movement in the field at substantially all points in the
field. In other words, a detected changed of movement
of the EM tracking device 70b generally equals a selected
known movement of the EM tracking device 70b within
the field regardless of the position of the EM tracking
device 70b within the field generated by the EM localizer
76. Also, every space in the EM navigation domain is
known due to the uniform electromagnetic field. Accord-
ingly, a coordinate system identified or defined by the
EM tracking system 24 can be substantially known and
efficiently applied to the coordinate system of the image
data 80.
[0053] The registration of the image data 80 to the pa-
tient space identified with the EM tracking system 24 can
be performed in any appropriate manner. As discussed
above, point, contour, or any other appropriate registra-
tion processes can be used. For example, the EM track-
ing device 70b can be positioned relative to known fidu-
cials or landmarks within the patient 36 and similar or
correlated landmarks or fiducials can be identified in the
image data 80. The processor system 44, or any appro-
priate processor system, can then be used to register or
correlate the points in the image data 80 to the points of
the patient space. Once the registration has occurred,
the image data 80 is registered to the patient space iden-
tified or within the navigation space defined by the EM
tracking system 24.
[0054] The EM tracking system 24 can be registered
to the EP tracking system 22 in block 138. The registra-
tion or coordination between the EM tracking system 24
and the EP tracking system 22 can occur at any appro-
priate time, such as before or after the EM tracking sys-
tem 24 is registered to the image data in block 136. The
EP tracking system 22 can be registered to the EM track-
ing system 24 in block 138 in any appropriate manner.
As discussed further herein, exemplary registration sys-
tems 138a, 138b, and 138c are illustrated and described
in greater detail in relation to Figs. 7A-7C. Once the EP
tracking system 22 is registered with the EM tracking
system 24, navigation of the instrument 26 with only the
EP tracking device 70a can be done in block 140. The
navigation with the EP tracking device 70a can be done
and a position of the instrument 26 including the tracking
device 70a can be navigated relative to the image data
80 due to the registration of the EP tracking system 22
and the EM tracking system 24 in block 138. Accordingly,
navigation using only the EP tracking system 22 can oc-
cur in block 140.
[0055] With continuing reference to Figs. 5 and 6 and
additional reference to Fig. 7A, registration of the EM
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tracking system and the EP tracking system, according
to various embodiments, is illustrated in block 138a. As
discussed above, the lead assembly 92 can include the
EP tracking device 70a that can be defined by the tip
electrode 90 of the lead 92. The catheter 100 can include
one or more coils 102, 104 of the EM tracking device
70b. As illustrated in Fig. 6, the EM tracking device 70b
can be used to register the image data 80 to the patient
space of the patient 36.
[0056] Once the registration has occurred in block 136,
then the EP tracking system 22 can be registered with
the EM tracking system 24 in block 138a, illustrated in
Fig. 7A. A lead or instrument including an EP electrode
can be provided in block 152. The EP electrode can be
a distal tip electrode of the lead or can be provided in any
other portion, such as in the sheath 94. For example, as
illustrated in Fig. 2A, the alternative EP tracking device
70a’ can be provided in the sheath 94. Regardless of the
position of the electrode it can be used as the EP tracking
device 70a and it can be positioned relative to the EM
tracking device 70b that is positioned within the catheter
100. In addition, as  illustrated in Fig. 2B, the lead includ-
ing the EP tracking device 70a can be moved relative to
the catheter 100 in block 154.
[0057] When moving the lead relative to the catheter
100, it can be determined when the EP tracking device
70a moves past or is near the coils 102, 104 of the EM
tracking device 70b in block 156. Various mechanisms
can be used to determine when the EP electrode 70a
moves past the EM tracking device 70b. For example, a
change in impedance, measured voltage, or other deter-
minations can be used to determine when the EP elec-
trode is next to or immediately past the EM tracking de-
vice 70b.
[0058] When the determination is made that the EP
tracking device 70a has been positioned relative to the
EM tracking device 70b, such as substantially in the same
position, a registration of the EM tracking system 24 and
the EP tracking system 22 can occur in block 158. The
registration can occur by substantially coordinating or
registering the EP tracking system 22 and the EM track-
ing system 24. In other words, because the EP tracking
system 22 can be used to determine the position of the
EP tracking device 70a and the EM tracking system 24
can be used to determine the position of the EM tracking
device 70b these two positions or points in patient space
can be identified as the same. Accordingly, the navigation
space of the EP tracking system 22 can be overlaid or
registered with the navigation space of the EM tracking
system 24.
[0059] The coordination or registration between the EP
tracking system 22 and the EM tracking system 24 can
be performed by acquiring a selected number of points
that are identical or at known locations relative to one
another, as discussed above, with both of the tracking
systems. For example, at least three corresponding
points may be acquired though more points may be used
to actually model or characterize the non-orthogonal or

known navigation space defined by the EP tracking sys-
tem 22. Less information may be necessary in a local or
small region than would be needed for a larger space,
such as an entire navigation space. Once points with
both of the tracking systems have been acquired a cur-
vature model, such as a spline model, can be used to
model the EP tracking system 22 coordinate system or
navigation space. Other appropriate modeling calcula-
tions could also be used to computationally coordinate
the EP tracking system 22 and the EM tracking system
24.
[0060] Once the EM tracking system 24 and the EP
tracking system 22 have been registered, movement of
the EP tracking device 70a within the patient space of
the patient 36 can be illustrated superimposed on the
image data 80. As illustrated in Fig. 6, icons illustrating
the first tracking device 70ai and second tracking device
70bi can be illustrated and superimposed on the image
data 80. Once registration has occurred, however, the
EP tracking device icon 70ai, illustrating the position of
the EP tracking device 70a, can be illustrated separate
from the EM tracking device icon 70bi, representing the
position of the EM tracking device 70b, but correctly re-
lated to the image data 80. It will be understood that an
icon 92i can represent generally the surgical instrument
26, or any portion thereof, and not only the tracking de-
vices. The position of the surgical instrument, however,
can be identified or determined based upon the tracked
position of the tracking device 70.
[0061] Registration of the EP tracking system 22 with
of the second navigation space, such as that of the EM
tracking system 24, can allow for image navigation of the
instrument 26 tracked with only the EP tracking system
22. The navigation space of the EP tracking system 22
may not be substantially uniform or strictly aligned with
the image data 80. For example, the tissue of the patient
36 may not be substantially uniform impedance. For ex-
ample, the impedance of muscle tissue may be substan-
tially different from the impedance of blood or other elec-
trolyte. Accordingly, a particular change in voltage may
not always be related to a single physical movement
amount of the EP tracking device 70a. Movement of the
EP tracking device 70a within the patient 36, however,
can be measured using the EP tracking system 22 once
it is registered with a tracking system, such as the EM
tracking system 24, which can be registered to the image
data 80. A registered position of the EP tracking device
70a can be superimposed on the image data 80. There-
fore, a position of the EP tracking device 70a can be
superimposed on the image data 80 even if a nonuniform
navigation space is generated with the EP tracking sys-
tem 22.
[0062] Returning reference to Fig. 7B, registering the
EP tracking system 22 and the EM tracking system 24
can be achieved with registration method 138b. Accord-
ing to the registration method 138b, a catheter can be
provided with an EP electrode as the EP tracking device
70a in block 170. A lead assembly can be provided with
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the EM tracking device 70b in block 172. The lead can
then be moved relative to the catheter in block 174. A
determination can be made when the EM tracking device
70b is aligned with or at a selected and known position
relative to the EP tracking device 70a in block 176. A
registration of the EM tracking system 24 and the EP
tracking system 22 can then occur in block 178. The reg-
istration method 138b can be substantially similar to the
registration method 138a (illustrated in Fig. 7A) save that
the EP electrode is positioned in the catheter 100 and
the EM tracking device 70b is positioned on the lead.
Therefore, registration can occur in substantially the
same way and tracking of the EP tracking device 70a
can occur and superimposition of a position of the EP
tracking device 70a can be illustrated relative to the im-
age data 80.
[0063] Turning to Fig. 7C, a registration method 138c
is illustrated. The registration method 138c can include
positioning the EM tracking device 70b at a known loca-
tion in the patient 36 or other navigable space in block
184. The EM tracking device 70b can be any appropriate
device, for example the second tracked instrument 26b
illustrated in Fig. 4. The second tracked device 26b can
be a second instrument moved relative to the patient 36,
a dynamic reference frame fixed relative to the patient
36, or any appropriate device including the EM tracking
device 70b. For example, the DRF 26b’ can be positioned
relative to the patient 36 at a fixed and known location.
The known location of the DRF 26b’ can be determined
in any appropriate manner. For example, a registration
probe (not illustrated) can be moved relative to the DRF
26b’ to determine the location of the DRF 26b’. In addi-
tion, the DRF 26b’ can be positioned or include a fiducial
that is identified in the image data 80 to allow for identi-
fication and registration to the image data 80. Alterna-
tively, if the second instrument 26b is a moveable instru-
ment, it can be moved to a landmark that can also be
identified within the image data 80.
[0064] When the second tracked device 26b, 26b’ is
identified relative to the image data 80 and the EM track-
ing system 24 is registered to the image data 80, the first
tracked instrument 26a including the EP tracking device
70a can be moved relative to the second tracked device
26b, 26b’. For example, the first instrument 26a, illustrat-
ed in Fig. 4, can move to the location of the DRF 26b’ in
block 186. Once the first tracked instrument 26a is at the
same position as the DRF 26b’, registration of the EM
tracking system 24 and the EP tracking system 22 can
occur in block 188. As discussed above, the location of
the two tracking devices 70a, 70b can be determined to
be substantially identical when they are positioned next
to each other to allow for registration of the two tracking
systems 22,24.
[0065] It will be further understood that when two
tracked instruments 26a, 26b are provided, they can be
positioned at a known position and orientation relative to
one another to allow for registration to occur in block 188.
For example, it will be understood, the first tracked in-

strument 26a can be positioned at a known position and
orientation relative to the DRF 26b’ and registration can
occur. In other words, knowing a position and orientation
of the DRF 26b’ and position and orientation of the EP
tracking device 70a can allow for registration of the two
tracking systems 22, 24 even if the two tracking devices
70a, 70b are not in substantially identical locations. As
discussed above, imaging systems can be used to de-
termine or identify the known locations of the two tracking
devices 70a, 70b.
[0066] Registration of the EP tracking system 22 and
the EM tracking system, 24 can also occur by providing
the EP tracking device 70a and the EM tracking device
70b substantially at the same position on the tracked in-
strument 26, as illustrated with the instrument 120 in Fig.
3. When the tracking device 70 has substantially only
one location for both the EP tracking system 22 and the
EM tracking system 24 a determination of registration is
not otherwise required, including positioning the EP
tracking device 70a relative to the EM tracking device
70b. Rather, the tracked position of the EM tracking de-
vice 70b with the EM tracking system 24 can be used to
correlate the position of the EP tracking device 70a in-
herently since all positions determined with the EM track-
ing device  70b are inherently registered with the EP
tracking device 70a. Therefore, the coordinate system of
the EM tracking system 24 can be used to illustrate a
position of the EP tracking device 70a on the image data
80 at all times. This can allow or be used to acquire more
than one point that is the same position with both of the
tracking devices 70a and 70b. This can assist in regis-
tration of the EP tracking system 22 and the EM tracking
system 24. It will be understood, however, that the two
tracking devices 70a and 70b need not be the same de-
vice to acquire more than one point that is at the same
position with both of the tracking devices 70a and 70b.
[0067] Even when the two tracking devices 70a, 70b
are the same device or formed to be at the same or fixed
relative positions, a third tracking device can be provided.
For example, the tip electrode 92 can also be intercon-
nected with the controller 72. Thus, the position of the tip
electrode 92 can be tracked once it has exited the cath-
eter 122.
[0068] In addition, or alternatively, it will be understood
that the EP tracking device 70a and the EM tracking de-
vice 70b need not be positioned on top of one another,
but can be positioned substantially at a known fixed lo-
cation relative to one another or next to each other with
a selected assembly. For example, an electrode of the
EP tracking device 70a can be positioned substantially
abutting coils of wire defining the EM tracking device 70b.
They can also be positioned a distance from one another
at a substantially known location, at least when a device
is at a known configuration. The known relationship or
relative positions of the EP tracking device 70a and the
EM tracking device 70b can be used to register the EP
tracking system 22 and the EM tracking system 24 even
if the EP tracking device 70a and the EM tracking device
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70b are not at the same location.
[0069] Turning to Fig. 8, navigating the EP tracking de-
vice 70a in block 140 is described in further detail. Move-
ment of the EP tracking device 70a can be determined
in block 200. The movements of the EP tracking device
70a can then be registered to the coordinates of the EM
tracking system 24 in block 202. As discussed above,
registration of the EP tracking system 22 and the EM
tracking system 24 allow for a registration of a coordinate
in the EM tracking  system 24 with a determined position
of the EP tracking device 70a in the EP tracking system
22.
[0070] Because of the registration of the EP tracking
system 22 and the EM tracking system 24, a position of
the EP tracking device 70a can be illustrated or displayed
on the display device 38, 40 in block 204. As discussed
above regarding Fig. 6, a tracked position of just the EP
tracking device 70a with the EP tracking system 22 can
be displayed on the display device 40 relative to the im-
age data 80. For example, the icon 70ai representing a
position of the instrument tracked with the EP tracking
device 70a can be displayed on the image data 80.
[0071] Merging preoperative acquired image data,
such as the image data 80, can be done to intraoperative
acquired image data in block 206. The merging of the
image data can occur in any appropriate manner. One
appropriate method can include contour merging, which
matches contours in the preoperative acquired image da-
ta and intraoperative acquired image data. For example,
if image data of a vertebra is acquired preoperatively and
contours of a vertebra is acquired intraoperatively they
can be matched. The contours can be manually or auto-
matically determined in the image data and matched be-
tween image data sets.
[0072] Additionally, tracking the EP tracking device
70a can be used to create point clouds for various organs.
For example, a point cloud or point cloud map can be
generated for a portion of the heart 84. The point cloud
can then be matched, such as with contour matching or
landmark matching, with preoperative acquired image
data. Point cloud matching or generation includes iden-
tifying one or more points with the tracking device 70,
such as with the EP tracking device 70a to generate a
surface of a volume. Appropriate cloud mapping tech-
niques include those described in U.S. Patent Application
No. 12/117,537, filed on May 8, 2008, incorporated here-
in by reference. It will be understood, however, that the
generation of the point cloud can be made with either the
EP tracking device 70a or the EM tracking device 70b.
However, the EP tracking device 70a, which can include
an electrode, can be provided at a selected size, such
as one that will easily maneuver within the heart 84 to
allow  for an efficient generation of the cloud map by
identifying a plurality of points. Accordingly, a selected
one of the tracking devices 70a, 70b can be efficiently
used to generate a selected type of data, such as a land-
mark or cloud map, for merging of intraoperative and pr-
eoperative image data.

[0073] In addition, the electrode 92 of the lead 90 can
be used as the EP tracking device 70a. The tip electrode
92 can be implanted in the heart 84. Accordingly, image
data 80, which can be pre- or intra-operatively acquired,
can be used to identify or suggest a selected location of
the lead tip 92. By correlating the EM tracking system 24
and the EP tacking system 22 a selected location iden-
tified relative to the image data 80 can be used to guide
the electrode 92 to an appropriate or selected location
for implantation. An additional tracking device, such as
the EM tracking device 70b, is not required to track the
electrode 92 to a selected location within the heart 84
with the image data 80 because of the registration of the
EM tracking system 24 and the EP tracking system 22.
Suggesting a placement of a lead tip can be based on
any appropriate information, such as historical data, sta-
tistical data, or atlas models. Exemplary suggestion sys-
tems include those disclosed in U.S. Patent Application
Publication No. 2002/0097806, published on May 20,
2004, incorporated herein by reference.
[0074] Providing registered tracking systems can be
used for various purposes. As discussed above, the EM
tracking system 24 and the EP tracking system 22 can
be used for different tracking purposes or in different lo-
cations. In addition, the EP tracking system 22 may not
generate an appropriate signal in various portions of the
patient 36. For example, if the EP tracking device 70a is
not positioned within a portion of the patient 36 that in-
cludes an electrolyte or appropriately conducted materi-
al, a voltage may not be generated relative to the EP
tracking device 70a when a current is induced in the pa-
tient 36. Therefore, the EM tracking device 70b can be
used to track the position of the instrument 26 relative to
the patient 36.
[0075] According to various embodiments, the EP
tracking device 70a can be substantially smaller than the
EM tracking device 70b. For example, the EP tracking
device 70a may only include a single wire or small con-
ductive  member to act as an electrode. The small di-
mensions of the electrode of the EP tracking device 70a
and can allow it to move to selected locations, such as
within the heart 84, which may not be accessible with a
larger tracking device, such as the EM tracking device
70b. Therefore, providing the EP Tracking system 22 and
the EM tracking system 24 can allow for tracking the sur-
gical device 26, or any appropriate device, with more
than one modality.
[0076] The EP tracking system 22 can be used to track
the lead electrode 90 as the EP tracking device 70a. Ac-
cordingly, the EP tracking system 22 can be used to track
the location of the lead electrode 90 to its intended im-
plantation site or location with the EP tracking device
70a. The tracked position can then be displayed on the
display devices 38, 40 for viewing by the surgeon 34.
[0077] The EP tracking system 22, however, may not
be directly registerable to the image data 80. As dis-
cussed above, varying impedances of tissue of the pa-
tient 36 may inhibit registration of the EP tracking system
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22 with the image data 80. Lack of registration with the
image data 80 can reduce effectiveness of image navi-
gation.
[0078] The EM tracking system 24, however, can be
registered with the image data 80. The EM tracking sys-
tem 24, including the more uniform navigation domain,
can be registered to the image data 80. In determining
one or more points, also referred to as identity points, in
both the EP tracking system 22 navigation domain and
the EM tracking system 24 navigation domain the two
tracking systems can be registered. This can allow the
EP tracking system 22 to be registered to the image data
80. Registration can also allow the use of preacquired
image data that can be registered to intraoperative image
data or other appropriate image data for navigation of
the instrument 26 with the EP tracking device 70a.
[0079] In addition, the two tracking systems 22, 24 can
be used for complimentary purposes. For example, the
EM tracking system 24 may have a higher accuracy than
the EP tracking system 22. Therefore the EM tracking
system 24 can be used to determine locations of various
landmarks for registration, while the EP tracking system
22 is used for navigation of the  instrument 26 for implan-
tation. Also, if location and size permits, the EM tracking
system 24 can be used to confirm a location of the in-
strument 26 after implantation.
[0080] Further, the EM tracking system 24 can track
the tracking device 70b in the absence of a conductive
material. Thus, the EP tracking device 70a can be used
to track the instrument when a conductive medium and
current is present (e.g. within the heart 84) and the EM
tracking device 70b can be used to track the instrument
26 when the conductive medium is not present (e.g. ex-
terior to the heart 84).
[0081] It will be further understood that the tracking
systems 22, 24 can be used to track any appropriate
device relative to any appropriate volume. For example,
positioning a device within an enclosed volume may be
selected for building, manufacturing, or repairing various
workpieces in selected workspaces. For example, a de-
vice can be moved relative to an enclosed volume, such
as within an airplane, robot, or other enclosed areas with-
out requiring open visualization or access within the vol-
ume. The enclosed volume of the workpiece or work-
space, may also include more than one type of environ-
ment. Accordingly, having multiple tracking systems us-
ing differing tracking modalities can be used to track a
single instrument or two parts of the single instrument
within any appropriate volume.
[0082] The foregoing description of the embodiments
has been provided for purposes of illustration and de-
scription. It is not intended to be exhaustive or to limit the
invention.

Claims

1. A system (20) for tracking an instrument within a vol-

ume, comprising:

a first electromagnetic tracking system (24) in-
cluding a first tracking device (70b), wherein the
first electromagnetic tracking system is operable
to determine a position of the first tracking device
within a first tracking domain, wherein the first
tracking device includes one or more coils of
wire;
a second electropotential tracking system (22)
including:

a plurality of current electrodes (60a, 60b,
62a, 62b, 64a, 64b) operable to induce a
current into the volume to form a second
tracking domain;
a second tracking device (70a) operable to
sense a voltage at the second tracking de-
vice based upon the induced current;
wherein the second electropotential track-
ing system is operable to determine a posi-
tion of the second tracking device within the
second tracking domain;

an instrument having a first portion connected
to the first tracking device and a second portion
connected to the second tracking device to allow
tracking of the instrument with at least one of
the first tracking system or the second tracking
system, wherein the second portion is operable
to move relative to the first portion to place the
second tracking device at a known position rel-
ative to the first tracking device;
a controller (72) in communication with the first
electromagnetic tracking system and the sec-
ond electropotential tracking system;
wherein the controller is operable to determine
a registration of the first tracking domain and the
second tracking domain to allow the first tracking
domain to be overlaid on the second tracking
domain based upon the known relative position
of the first tracking device and the second track-
ing device;
wherein the registration is operable to allow im-
age navigation of the instrument with only the
second electropotential tracking system in the
volume.

2. The system of Claim 1, further comprising:

an imaging system (30) operable to acquire im-
age data of the volume;
wherein the first electromagnetic tracking sys-
tem is operable to generate an electromagnetic
field defining the first tracking domain of a de-
termined uniformity within the volume to allow
the first tracking domain to be registered to the
image data;
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wherein the first electromagnetic tracking sys-
tem (24) includes a localizer (76);
wherein either of the localizer (76) or the first
tracking device (70b) is operable to generate the
electromagnetic field and the other of the local-
izer or the first tracking device is operable to
sense the electromagnetic field;
wherein the electromagnetic field defines the
first tracking domain.

3. The system of any of the preceding claims, wherein
the instrument includes:

an outer member and an inner member, wherein
the outer member and the inner member are op-
erable to move relative to one another;
wherein the outer member includes the first
tracking device and the inner member includes
the second tracking device.

4. The system of any of the preceding claims, wherein
the first tracking device is fixedly associated with the
volume;
wherein the second tracking device is moveable to
a known position relative to the first tracking device;
wherein when the second tracking device is at the
known position, the controller is operable to correlate
the position of the first tracking device relative to the
second tracking device and correlate the first track-
ing domain relative to the second tracking domain
to perform the registration.

5. The system of Claims 1 or 2, wherein the first tracking
device and the second tracking device are formed
as a single tracking device operable to be tracked
within both of the first electromagnetic tracking sys-
tem and the second electropotential tracking system.

6. The system of Claims 1-4, wherein the instrument
includes a lead having the electrode;
wherein the electrode of the lead is for an appropriate
device operable to be placed within the volume.

7. The system of Claim 5, wherein the single tracking
device includes:

an annular ring operable as an electrode; and
a coil of conductive material wrapped around
the annular ring; and
a communication system interconnecting the
annular ring and the coil of conductive material
with both the first electromagnetic tracking sys-
tem and the second electropotential tracking
system.

8. The system of Claim 7, further comprising:

a display device;

wherein at least one of the first electromagnetic
tracking system and the second electropotential
tracking system is in communication with the dis-
play device and operable to display a represent-
ed position of the annular ring, the coil of con-
ductive material, or combinations thereof;
wherein image data is operable to be displayed
on the display device relative to the representa-
tion of the annular ring and the coil of conductive
material.

9. The system of Claim 7, wherein the instrument in-
cludes a catheter and a lead moveable within the
catheter;
wherein the catheter includes the annular ring and
the coil of conductive material around the annular
ring;
wherein the catheter defines a cannula and the an-
nular ring and coil of conductive material are posi-
tioned around the cannula.

10. A method of tracking an instrument using at least a
first tracking system and a second tracking system,
comprising:

providing the instrument having a first portion
connected to the first tracking device and a sec-
ond portion connected to the second tracking
device to allow tracking of the instrument,
wherein the second portion is operable to move
relative to the first portion to place the second
tracking device at a known position relative to
the first tracking device;
providing the first tracking system to determine
a position of a first tracking device, including:

generating an electromagnetic field to de-
fine a first navigation space in a volume;
determining a first position of the first track-
ing device with the generated electromag-
netic field;

providing the second tracking system to deter-
mine a position of a second tracking device, in-
cluding:

generating a current in the volume to define
a second navigation space;
sensing a voltage with the second tracking
device induced by the generated current;
determining a second position of the second
tracking device based upon the sensed volt-
age;

moving the second tracking device to a known
position relative to the first tracking device;
registering the first tracking system and the sec-
ond tracking system based upon the known rel-
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ative position of the first tracking device and the
second tracking device; and
tracking the second tracking device with the sec-
ond tracking system and illustrating on a display
a position of the second tracking device based
upon the registration of the first tracking system
and the second tracking system.

11. The method of Claim 10, further comprising:

acquiring image data of the volume;
registering the acquired image data to the first
navigation space; and
illustrating on the display device the determined
first position of the first tracking device.

12. The method of Claims 10 or 11, wherein registering
the first tracking system and the second tracking sys-
tem, includes:

determining a first identity position in the volume
with the first tracking device in the first navigation
space;
determining a second identity position in the vol-
ume with the second tracking device in the sec-
ond navigation space;
relating a selected plurality of points in the sec-
ond navigation space with a selected plurality of
points in the first navigation space based upon
the known first identity position and the second
identity position;
calculating a position with the second tracking
system of the second tracking device once the
second tracking device is no longer at the iden-
tity position; and
displaying the tracked position of the second
tracking device on the display device relative to
the image data.

13. The method of Claim 12, wherein determining the
first identity position includes determining a plurality
of first identity positions and determining a second
identity position includes determining a plurality of
second identity positions; and
registering the first tracking system and the second
tracking system based on determined plurality of first
identity positions and plurality of second identity po-
sition.

14. The method of Claim 12, wherein determining a first
identity position include positioning the first tracking
device at substantially the same location as the sec-
ond tracking device.

15. The method of Claim 12, wherein determining a first
identity position and a second identity position in-
cludes determining a first position of the first tracking
device and a second position of the second tracking

device relative to one another.

Patentansprüche

1. System (20) zum Verfolgen eines Instruments inner-
halb eines Volumens, umfassend:

ein erstes elektromagnetisches Verfolgungssy-
stem (24), das eine erste Verfolgungsvorrich-
tung (70b) umfasst, wobei das erste elektroma-
gnetische Verfolgungssystem betriebsfähig ist,
um eine Position der ersten Verfolgungsvorrich-
tung innerhalb einer ersten Verfolgungsdomäne
zu bestimmen, wobei die erste Verfolgungsvor-
richtung eine oder mehrere Drahtspulen um-
fasst;
ein zweites Elektropotential-Verfolgungssy-
stem (22), umfassend:

eine Vielzahl von Stromelektroden (60a,
60b, 62a, 62b, 64a, 64b), die betriebsfähig
sind, um einen Strom in das Volumen zu
induzieren, um eine zweite Verfolgungsdo-
mäne zu bilden;
eine zweite Verfolgungsvorrichtung (70a),
die betriebsfähig ist, um eine Spannung an
der zweiten Verfolgungsvorrichtung abzu-
tasten, die auf dem induzierten Strom ba-
siert;
wobei das zweite Elektropotential-Verfol-
gungssystem betriebsfähig ist, um eine Po-
sition der zweiten Verfolgungsvorrichtung
innerhalb der zweiten Verfolgungsdomäne
zu bestimmen;

ein Instrument, das einen ersten Teil aufweist,
der an die erste Verfolgungsvorrichtung ange-
schlossen ist, und einen zweiten Teil aufweist,
der an die zweite Verfolgungsvorrichtung ange-
schlossen ist, um die Verfolgung des Instru-
ments mit mindestens einem von dem ersten
Verfolgungssystem oder dem zweiten Verfol-
gungssystem zu ermöglichen, wobei der zweite
Teil betriebsfähig ist, um sich relativ zu  dem
ersten Teil zu bewegen, um die zweite Verfol-
gungsvorrichtung in einer bekannten Position
relativ zu der ersten Verfolgungsvorrichtung an-
zuordnen;
einen Controller (72) in Kommunikation mit dem
ersten elektromagnetischen Verfolgungssy-
stem und dem zweiten Elektropotential-Verfol-
gungssystem;
wobei der Controller betriebsfähig ist, um eine
Deckung der ersten Verfolgungsdomäne und
der zweiten Verfolgungsdomäne zu bestimmen,
damit die erste Verfolgungsdomäne der zweiten
Verfolgungsdomäne überlagert werden kann,
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basierend auf der bekannten relativen Position
der ersten Verfolgungsvorrichtung und der zwei-
ten Verfolgungsvorrichtung;
wobei die Deckung betriebsfähig ist, um eine
Bildnavigation des Instruments nur mit dem
zweiten Elektropotential-Verfolgungssystem in
dem Volumen zu ermöglichen.

2. System nach Anspruch 1, ferner umfassend:

ein Bildgebungssystem (30), das betriebsfähig
ist, um Bilddaten des Volumens zu erfassen;
wobei das erste elektromagnetische Verfol-
gungssystem betriebsfähig ist, um ein elektro-
magnetisches Feld zu generieren, das die erste
Verfolgungsdomäne mit einer bestimmten Ein-
heitlichkeit innerhalb des Volumens definiert,
damit die erste Verfolgungsdomäne mit den
Bilddaten in Deckung gebracht werden kann;
wobei das erste elektromagnetische Verfol-
gungssystem (24) ein Visier (76) umfasst;
wobei entweder das Visier (76) oder die erste
Verfolgungsvorrichtung (70b) betriebsfähig ist,
um das elektromagnetische Feld zu generieren,
und das oder die andere des Visiers oder der
ersten Verfolgungsvorrichtung betriebsfähig ist,
um das elektromagnetische Feld abzutasten;
wobei das elektromagnetische Feld die erste
Verfolgungsdomäne definiert.

3. System nach einem der vorhergehenden Ansprü-
che, wobei das Instrument Folgendes umfasst:

ein äußeres Element und ein inneres Element,
wobei das äußere Element und das innere Ele-
ment betriebsfähig sind, um sich relativ zuein-
ander zu bewegen;
wobei das äußere Element die erste Verfol-
gungsvorrichtung umfasst und das innere Ele-
ment die zweite Verfolgungsvorrichtung um-
fasst.

4. System nach einem der vorhergehenden Ansprü-
che, wobei die erste Verfolgungsvorrichtung mit dem
Volumen fest verknüpft ist;
wobei die zweite Verfolgungsvorrichtung in eine be-
kannte Position relativ zu der ersten Verfolgungsvor-
richtung bewegbar ist;
wobei, wenn sich die zweite Verfolgungsvorrichtung
in der bekannten Position befindet, der Controller
betriebsfähig ist, um die Position der ersten Verfol-
gungsvorrichtung relativ zu der zweiten Verfol-
gungsvorrichtung zu korrelieren, und um die erste
Verfolgungsdomäne relativ zu der zweiten Verfol-
gungsdomäne zu korrelieren, um das in Deckung
bringen auszuführen.

5. System nach Anspruch 1 oder 2, wobei die erste

Verfolgungsvorrichtung und die zweite Verfolgungs-
vorrichtung als eine einzige Verfolgungsvorrichtung
gebildet sind, die betriebsfähig ist, um sowohl inner-
halb des ersten elektromagnetischen Verfolgungs-
systems als auch des zweiten Elektropotential-Ver-
folgungssystems verfolgt zu werden.

6. System nach Anspruch 1 bis 4, wobei das Instrument
eine Leitung umfasst, die eine Elektrode aufweist;
wobei die Elektrode der Leitung für eine geeignete
Vorrichtung gedacht ist, die betriebsfähig ist, um in-
nerhalb des Volumens angeordnet zu werden.

7. System nach Anspruch 5, wobei die einzige Verfol-
gungsvorrichtung Folgendes umfasst:

einen ringförmigen Kranz, der als Elektrode be-
triebsfähig ist; und
eine Spule aus leitfähigem Material, das um den
ringförmigen Kranz gewickelt ist; und
ein Kommunikationssystem, das den ringförmi-
gen Kranz und die Spule aus leitfähigem Mate-
rial sowohl mit dem ersten elektromagnetischen
Verfolgungssystem als auch mit dem zweiten
Elektropotential-Verfolgungssystem zusam-
menschaltet.

8. System nach Anspruch 7, ferner umfassend:

eine Anzeigevorrichtung;
wobei mindestens eines von dem ersten elek-
tromagnetischen Verfolgungssystem und dem
zweiten Elektropotential-Verfolgungssystem in
Verbindung mit der Anzeigevorrichtung steht
und betriebsfähig ist, um eine dargestellte Po-
sition des ringförmigen Kranzes, der Spule aus
leitfähigem Material oder von Kombinationen
derselben anzuzeigen;
wobei die Bilddaten betriebsfähig sind, um auf
der Anzeigevorrichtung relativ zu der Darstel-
lung des ringförmigen Kranzes und der Spule
aus leitfähigem Material angezeigt zu werden.

9. System nach Anspruch 7, wobei das Instrument ei-
nen Katheter und eine Leitung, die innerhalb des Ka-
theters bewegbar ist, umfasst;
wobei der Katheter den ringförmigen Kranz und die
Spule aus leitfähigem Material um den ringförmigen
Kranz herum umfasst;
wobei der Katheter eine Kanüle definiert, und der
ringförmige Kranz und die Spule aus leitfähigem Ma-
terial um die Kanüle herum positioniert sind.

10. Verfahren zum Verfolgen eines Instruments unter
Verwendung mindestens eines ersten Verfolgungs-
systems und eines zweiten Verfolgungssystems,
umfassend folgende Schritte:
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Bereitstellen des Instruments, das einen ersten
Teil aufweist, der an die erste Verfolgungsvor-
richtung angeschlossen ist, und einen zweiten
Teil aufweist, der an die zweite Verfolgungsvor-
richtung angeschlossen ist, um die Verfolgung
des Instruments zu ermöglichen, wobei der
zweite Teil betriebsfähig ist, um sich relativ zu
dem ersten Teil zu bewegen, um die zweite Ver-
folgungsvorrichtung in einer bekannten Position
relativ zu der ersten Verfolgungsvorrichtung an-
zuordnen;
Bereitstellen des ersten Verfolgungssystems,
um eine Position einer ersten Verfolgungsvor-
richtung zu bestimmen, umfassend folgende
Schritte:

Generieren eines elektromagnetischen Fel-
des, um einen ersten Navigationsraum in
einem Volumen zu definieren;
Bestimmen einer ersten Position der ersten
Verfolgungsvorrichtung mit dem generier-
ten elektromagnetischen Feld;

Bereitstellen des zweiten Verfolgungssystems,
um eine Position einer zweiten Verfolgungsvor-
richtung zu bestimmen, umfassend folgende
Schritte:

Generieren eines Stroms in dem Volumen,
um einen zweiten Navigationsraum zu de-
finieren;
Abtasten einer Spannung mit der zweiten
Verfolgungsvorrichtung, die durch den ge-
nerierten Strom induziert wird;
Bestimmen einer zweiten Position der zwei-
ten Verfolgungsvorrichtung basierend auf
der abgetasteten Spannung;

Bewegen der zweiten Verfolgungsvorrichtung in
eine bekannte Position relativ zu der ersten Ver-
folgungsvorrichtung;
in Deckung bringen des ersten Verfolgungssy-
stems und des zweiten Verfolgungssystems ba-
sierend auf der bekannten relativen Position der
ersten Verfolgungsvorrichtung und der zweiten
Verfolgungsvorrichtung; und
Verfolgen der zweiten Verfolgungsvorrichtung
mit dem zweiten Verfolgungssystem und Abbil-
den auf einem Display einer Position der zweiten
Verfolgungsvorrichtung basierend auf der Dek-
kung des ersten Verfolgungssystems und des
zweiten Verfolgungssystems.

11. Verfahren nach Anspruch 10, ferner umfassend fol-
gende Schritte:

Erfassen von Bilddaten des Volumens;
in Deckung bringen der erfassten Bilddaten mit

dem ersten Navigationsraum; und
Abbilden auf der Anzeigevorrichtung der be-
stimmten ersten Position der ersten Verfol-
gungsvorrichtung.

12. Verfahren nach Anspruch 10 oder 11, wobei das in
Deckung bringen des ersten Verfolgungssystems
und des zweiten Verfolgungssystems folgende
Schritte umfasst:

Bestimmen einer ersten Identitätsposition in
dem Volumen mit der ersten Verfolgungsvor-
richtung in dem ersten Navigationsraum;
Bestimmen einer zweiten Identitätsposition in
dem Volumen mit der zweiten Verfolgungsvor-
richtung in dem zweiten Navigationsraum;
Verknüpfen einer ausgewählten Vielzahl von
Punkten in dem zweiten Navigationsraum mit
einer ausgewählten Vielzahl von Punkten in
dem ersten Navigationsraum, basierend auf der
bekannten ersten Identitätsposition und der
zweiten Identitätsposition;
Berechnen einer Position mit dem zweiten Ver-
folgungssystem der zweiten Verfolgungsvor-
richtung, sobald sich die zweite  Verfolgungs-
vorrichtung nicht mehr an der Identitätsposition
befindet;
und
Anzeigen der verfolgten Position der zweiten
Verfolgungsvorrichtung auf der Anzeigevorrich-
tung bezüglich der Bilddaten.

13. Verfahren nach Anspruch 12, wobei das Bestimmen
der ersten Identitätsposition das Bestimmen einer
Vielzahl erster Identitätspositionen umfasst und das
Bestimmen einer zweiten Identitätsposition das Be-
stimmen einer Vielzahl zweiter Identitätspositionen
umfasst; und
in Deckung bringen des ersten Verfolgungssystems
und des zweiten Verfolgungssystems basierend auf
der bestimmten Vielzahl erster Identitätspositionen
und der Vielzahl zweiter Identitätspositionen.

14. Verfahren nach Anspruch 12, wobei das Bestimmen
einer ersten Identitätsposition das Positionieren der
ersten Verfolgungsvorrichtung im Wesentlichen an
der gleichen Stelle wie die zweite Verfolgungsvor-
richtung umfasst.

15. Verfahren nach Anspruch 12, wobei das Bestimmen
einer ersten Identitätsposition und einer zweiten
Identitätsposition das Bestimmen einer ersten Posi-
tion der ersten Verfolgungsvorrichtung und einer
zweiten Position der zweiten Verfolgungsvorrich-
tung relativ zueinander umfasst.
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Revendications

1. Système (20) pour le suivi d’un instrument dans un
volume, comprenant :

un premier système de suivi électromagnétique
(24) incluant un premier dispositif de suivi (70b),
dans lequel le premier système de suivi électro-
magnétique peut fonctionner pour déterminer
une position du premier dispositif de suivi dans
un premier domaine de suivi, dans lequel le pre-
mier dispositif de suivi comprend une ou plu-
sieurs bobines de fil ;
un second système de suivi à potentiel électri-
que (22) comprenant :

une pluralité d’électrodes de courant (60a,
60b, 62a, 62b, 64a, 64b) qui peut fonction-
ner pour induire un courant dans le volume
pour former un second domaine de suivi ;
un second dispositif de suivi (70a) qui peut
fonctionner pour détecter une tension au ni-
veau du second dispositif de suivi sur la ba-
se du courant induit ;
dans lequel le second système de suivi à
potentiel électrique peut fonctionner pour
déterminer une position du second disposi-
tif de suivi dans le second domaine de suivi ;

un instrument ayant une première partie con-
nectée au premier dispositif de suivi et une se-
conde partie connectée au second dispositif de
suivi pour permettre le suivi de l’instrument avec
au moins un élément entre le premier système
de suivi ou le second système de suivi, dans
lequel la seconde partie peut fonctionner pour
se déplacer par rapport à la première partie afin
de placer le second dispositif de suivi à une po-
sition connue par rapport au premier dispositif
de suivi ;
un contrôleur (72) en communication avec le
premier système de suivi électromagnétique et
le second système de suivi à potentiel
électrique ;
dans lequel le contrôleur peut fonctionner pour
déterminer un enregistrement du premier do-
maine de suivi et du second domaine de suivi
pour permettre au premier domaine de suivi
d’être superposé au second domaine de suivi
sur la base de la position relative connue du pre-
mier dispositif de suivi et du second dispositif de
suivi :

dans lequel l’enregistrement peut fonction-
ner pour permettre une navigation de l’ima-
ge de l’instrument avec seulement le se-
cond système de suivi à potentiel électrique
dans le volume.

2. Système de la revendication 1, comprenant en
outre :

un système d’imagerie (30) qui peut fonctionner
pour acquérir des données relatives à l’image
du volume ;
dans lequel le premier système de suivi électro-
magnétique peut fonctionner pour générer un
champ électromagnétique définissant le pre-
mier domaine de suivi d’une uniformité détermi-
née dans le volume pour permettre au premier
domaine de suivi d’être enregistré dans les don-
nées relatives à l’image ;
dans lequel le premier système de suivi électro-
magnétique (24) inclut un localisateur (76) ;
dans lequel un premier élément entre le locali-
sateur (76) ou le premier dispositif de suivi (70b)
peut fonctionner pour générer le champ électro-
magnétique, et le second peut fonctionner pour
détecter le champ électromagnétique ;
dans lequel le champ électromagnétique définit
le premier domaine de suivi.

3. Système de l’une quelconque des revendications
précédentes, dans lequel l’instrument comprend :

un membre externe et un membre interne, dans
lequel le membre externe et le membre interne
peuvent se déplacer l’un par rapport à l’autre ;
dans lequel le membre externe comprend le pre-
mier dispositif de suivi et le membre interne com-
prend le second dispositif de suivi.

4. Système selon l’une quelconque des revendications
précédentes, dans lequel le premier dispositif de sui-
vi est associé de manière fixe au volume ;
dans lequel le second dispositif de suivi peut être
déplacé à une position connue par rapport au pre-
mier dispositif de suivi ;
dans lequel lorsque le second dispositif de suivi est
à une position connue, le contrôleur peut fonctionner
de façon à corréler la position du premier dispositif
de suivi par rapport au second dispositif de suivi et
corréler le premier domaine de suivi par rapport au
second domaine de suivi pour réaliser l’enregistre-
ment.

5. Système des revendications 1 ou 2, dans lequel le
premier dispositif de suivi et le second dispositif de
suivi forment un dispositif de suivi unique qui peut
fonctionner pour être suivi aussi bien dans le premier
système de suivi électromagnétique que dans le se-
cond système de suivi à potentiel électrique.

6. Système des revendications 1-4, dans lequel l’ins-
trument comprend un fil ayant l’électrode ;
dans lequel l’électrode du fil correspond à un dispo-
sitif approprié qui peut fonctionner pour être placé
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dans le volume.

7. Système de la revendication 5, dans lequel le dis-
positif de suivi unique comprend :

une bague annulaire pouvant fonctionner com-
me une électrode ; et
une bobine à base de matériau conducteur en-
roulée autour de la bague annulaire ; et
un système de communication interconnectant
la bague annulaire et la bobine à base de ma-
tériau conducteur aussi bien avec le premier
système de suivi électromagnétique qu’avec le
second système de suivi à potentiel électrique.

8. Système de la revendication 7, comprenant en
outre :

un dispositif d’affichage ;
dans lequel au moins un élément entre le pre-
mier système de suivi électromagnétique et le
second système de suivi à potentiel électrique
est en communication avec le dispositif d’affi-
chage et peut fonctionner pour afficher une po-
sition représentée de la bague annulaire, de la
bobine à base de matériau conducteur, ou une
combinaison de celles-ci ;
dans lequel la donnée relative à l’image peut
fonctionner pour être affichée sur le dispositif
d’affichage par rapport à la représentation de la
bague annulaire et de la bobine à base de ma-
tériau conducteur.

9. Système de la revendication 7, dans lequel l’instru-
ment comprend un cathéter et un fil mobile à l’inté-
rieur du cathéter ;
dans lequel le cathéter comprend la bague annulaire
et la bobine à base de matériau conducteur autour
de la bague annulaire ;
dans lequel le cathéter définit une canule et la bague
annulaire et la bobine à base de matériau conducteur
sont positionnées autour de la canule.

10. Procédé de suivi d’un instrument utilisant au moins
un premier système de suivi et un second système
de suivi, comprenant :

la fourniture de l’instrument ayant une première
partie connectée au premier dispositif de suivi
et une seconde partie connectée au second dis-
positif de suivi pour permettre le suivi de l’ins-
trument, dans lequel la seconde partie peut
fonctionner pour se déplacer par rapport à la
première partie pour placer le second dispositif
de suivi à une position connue par rapport au
premier dispositif de suivi :

la fourniture du premier système de suivi

pour déterminer une position d’un premier
dispositif de suivi, incluant :

la génération d’un champ électroma-
gnétique pour définir un premier espa-
ce de navigation dans un volume ;
la détermination d’une première posi-
tion du premier dispositif de suivi avec
le champ électromagnétique généré ;

la fourniture du second système de suivi
pour déterminer une position d’un second
dispositif de suivi, incluant :

la génération d’un courant dans le vo-
lume pour définir un second espace de
navigation ;
la détection d’une tension avec le se-
cond dispositif de suivi induite par le
courant généré ;
la détermination d’une seconde posi-
tion du second dispositif de suivi basée
sur la tension détectée ;

le déplacement du second dispositif de suivi
à une position connue par rapport au pre-
mier dispositif de suivi ;
l’enregistrement du premier système de sui-
vi et du second système de suivi sur la base
de la position relative connue du premier
dispositif de suivi et du second dispositif de
suivi ; et
le suivi du second dispositif de suivi avec le
second système de suivi et l’illustration sur
un affichage d’une position d’un second dis-
positif de suivi sur la base de l’enregistre-
ment du premier système de suivi et du se-
cond système de suivi.

11. Procédé de la revendication 10, comprenant en
outre :

l’acquisition de données relatives à l’image du
volume ;
l’enregistrement de données relatives à l’image
acquises sur le premier espace de navigation ;
et l’illustration sur le dispositif d’affichage de la
première position déterminée du premier dispo-
sitif de suivi.

12. Procédé des revendications 10 ou 11, dans lequel
l’enregistrement du premier système de suivi et du
second système de suivi inclut :

la détermination d’une première position d’iden-
tité dans le volume avec le premier dispositif de
suivi dans le premier espace de navigation ;
la détermination d’une seconde position d’iden-
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tité dans le volume avec le second dispositif de
suivi dans le second espace de navigation ;
la liaison d’une pluralité de points sélectionnés
dans le second espace de navigation avec une
pluralité de points sélectionnés dans le premier
espace de navigation sur la base de la première
position d’identité connue et de la seconde po-
sition d’identité connue ;
le calcul d’une position avec le second système
de suivi du second dispositif de suivi une fois
que le second dispositif de suivi ne se trouve
plus à la position d’identité ; et
l’affichage de la position suivie du second dis-
positif de suivi sur le dispositif d’affichage relatif
aux données relatives à l’image.

13. Procédé de la revendication 12, dans lequel la dé-
termination de la première position d’identité inclut
la détermination d’une pluralité de premières posi-
tions d’identité et la détermination d’une seconde po-
sition d’identité inclut la détermination d’une pluralité
de secondes positions d’identité ; et
l’enregistrement du premier système de suivi et du
second système de suivi sur la base de la pluralité
déterminée de premières positions d’identité et la
pluralité déterminée de secondes positions d’identi-
té.

14. Procédé de la revendication 12, dans lequel la dé-
termination d’une première position d’identité inclut
le positionnement du premier  dispositif de suivi es-
sentiellement au même emplacement que le second
dispositif de suivi.

15. Procédé de la revendication 12, dans lequel la dé-
termination d’une première position d’identité et
d’une seconde position d’identité inclut la détermi-
nation d’une première position du premier dispositif
de suivi et d’une seconde position du second dispo-
sitif de suivi l’un par rapport à l’autre.
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